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Electro-Optical  Systems  Branch,  F44 
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index  of  refraction.  Although  the  variations  are  small,  the 
long  path  lengths  make  the  effect  measurable. 


Through  the  next  few  viewgraphs,  the  effect  of  different  atmospheric  conditions  upon  refraction  will  be  contrasted. 
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When  the  air  becomes  colder  than  the  water,  the  atmosphere  becomes  unstable.  The  air  next  to  the  sea  surface  is 
warmed  by  the  water  and  convection  increases.  This  mixing  of  the  air  vertically,  along  with  the  wind  moving  the  air 
horizontally,  creates  a  horizontally  uniform  lapse  rate.  Atmospheric  models  are  most  accurate  under  these  conditions. 


(D 

> 

c5 

0  0  5 
0  i5  V 

D)  0  XJ 
0  C  15 
Z  3  CO 


c 

o 


T3  O 

"O  0  "D  O 

0  0  0  ^ 

</)  CO  (/)  s-J' 

^000—0 
fr  0  ^  0  ^  -C 

O  i_  o  »—  O  rt) 

3  0  0  0  0^ 

^  S  a  E  (D  S 


Q 
I — 

CO 

< 

0 

O 

c 

0 

I 

b  c 
0  .Q 


c 

o 


3 

s-  O  T3 

§ 

E  -g  O 

0  0 

c  S  t| 

O  CO  o  5 

P  b  S  0 


CO 
-•— » 

o 

.CD 


c 

o 

"C 

0 

> 

c 

o 


0 

D) 

C 

0 

^  Dc: 

D)  c 
C  o 
<  _N 

Ql  ‘k 


C 

O 

-I— » 
0 


0 

C 

g 

0 


C 

■q 

CO 


0 

"D 

O 


S' 

c 

0 

3 

O' 

5 

LL 

0”^ 

Q. 


0 

O) 

0 


tt  O  Q  X 

LLi  I  I  I  i  I 


c  o  B 

a  o  . 

S  §  'o 

HOC 

I 

«s§ 

p'a-S 


2  ??  ’C 
o  ^  S 


JD  0)  ^ 

«  o’? 
s-ss 


S’S 

•o  8  |)^ 

J  1-^ 

.2^  ^  «J 

ti|2 
e  s  a 
IS.al 
l®Sg 

“  h  “  .9 

<4-1  Sr  ^ 

O  ^  0-53 

o  ®  sU 

««  g*  o 
g  -S  >s 

S  fe  g-s 

ea’S’SbS 

^  cd 


■^g  i 
•C  .g  -S 

’S  5  ^ 


^  p  <n  ’w 
2  P  ^ 

o  S^xi 

ti  ^ 
d  u  ^  1) 

o|§^ 

i-52l 

g 

^  s.s 


Stable  conditions  occur  when  the  air  temperature  is  warmer  than  the  water  temperature.  This  kind  of  profile 
discourages  convection,  reducing  the  mixing  of  the  atmosphere.  The  atmosphere  can  even  become  stratified.  Refraction 
models  perform  poorly  under  these  conditions,  since  a  stratified  profile  cannot  be  determined  from  only  two  temperature 
measurements. 
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1  sec  scan  update  rate  -  staring 


This  photograph  shows  the  setup  of  the  HISS  and  IRP  sensors  on  the  roof  of  Building  Z-41  at  Wallops  Island. 

The  HISS  sensor  is  on  the  platform  in  the  right  of  the  picture.  The  height  of  its  optical  axis  is  25.38  m  above  mean  sea 
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IRP  sensor  HISS  sensor 


These  are  the  maximum  possible  acquisition  ranges  that  were  measured  in  the  HISS  (PHASE  I)  field  test, 
predictions  came  from  a  formula  developed  by,  the  Defence  Research  Establishment  (DREV),  Valcartier,  Quebec,  Canada. 
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Temperature  Difference  (ASTD)  [C] 
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Air-Sea  Temperature  Difference  (ASTD)  [C] 


This  view^aph  shows  an  example  of  an  observed  inferior  mirage.  March  11  was  a  day  of  unstable  atmospheric 
conditions.  The  air  temperature  was  at  1.7  ®C,  the  water  temperature  4.7  °C,  for  an  ASTD  of  -3.0  °C.  As  the  Sealion  moved 
radially  outbound,  an  inferior  mirage  of  the  target  formed  at  the  horizon,  at  8.5  nmi.  The  two  images  eventually  merged  to 
one,  which  disappeared  above  the  horizon  at  10  nmi. 
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March  1  was  a  day  of  unstable  conditions.  The  air  temperature  was  2.6  °C  and  the  water  temperature  was  3.7  °C  for  an 
ASTD  of  -1.1  ®C.  The  observed  test  involved  the  Sealion  making  runs  to  the  horizon  when  the  Lear  jet,  which  was  involved  in 
another  test  at  the  time,  crossed  into  the  field  of  view. 
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This  viewgraph  shows  a  rapid  change  in  the  elevation  of  the  horizon  in  progress,  seen  on  23  March.  The  contrast  of  the 
pictures  has  been  greatly  enhanced  to  compensate  for  the  loss  in  the  printing  process.  The  four  images  present  a  panorama  of 
the  sea.  The  horizon  on  the  right  is  at  a  higher  elevation  than  the  horizon  on  the  left.  Streamers  are  rising  up  from  the  original 
horizon,  moving  from  right  to  left,  and  filling  in  the  space  to  the  new  horizon.  In  a  matter  of  minutes,  the  effect  moved  across 
the  field  of  view  present^  until  no  trace  of  the  origin^  horizon  remained. 
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Seallon"  at  17.7  Nmi 


5 


This  is  a  superior  mirage  to  the  TLX  target,  on  24  March.  When  the  target  was  first  acquired,  it  appeared  very  blurred 
and  distorted.  As  the  range  decreased,  the  image  started  to  stretch  vertically.  A  second  image  of  the  target  emerged  from  the 
top  of  the  field  of  view  and  merged  with  the  first  into  a  single  image  that  faded  from  view.  However,  a  fade  zone  cannot  be 
inferred  since  the  HISS  began  detecting  the  target  at  this  point;  another  image  of  the  target  was  above  our  field  of  view. 
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The  outbound  Lear  jet  was  a  difficult  target  for  the  IRP  sensor  to  acquire  and  track,  due  to  the  very  small  field  of  view 
and  awkward  azimuth  control.  However,  on  24  March,  the  effort  produced  a  spectacular  image  of  a  superior  mirage.  (This  is 
a  different  run  than  the  HISS  detections  shown  in  the  previous  viewgraph.)  The  plane  was  acquired  as  two  images  that  wCTe 
below  the  horizon.  The  two  images  merged  into  one  and  disappeared  for  nearly  3  sec.  The  jet  than  reappeared  as  a  single 
image  at  the  horizon  and,  thereafter,  increased  in  elevation. 
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-  Mirages  are  dependent  upon  the  target's  range  and  height.  It  is  a  long 
range  and,  for  a  radially  moving  target,  transient  phenomenon. 
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